A rapid method for assay of antimicrobial agents in human serum was modified to provide a method for rapidly assessing the activity of antimicrobial discs being used for susceptibility testing. Each morning, discs are taken from the clinical laboratory's working supply and are applied directly onto test plates which have been inoculated, preincubated, and stored in a refrigerator. Inhibitory zones can be measured within 5 to 6 hr, i.e., before that day's batch of tests is to be set up. If the zone of inhibition for any agent is more than 2 standard deviations below the mean, the discs are discarded and another cartridge is selected from the stock supply for that day's susceptibility tests. In this way, discs of questionable potency are discarded before they are used for testing, rather than waiting until the next day as is usually done with the standard methods. The rapid control test yields zones which are slightly smaller and somewhat more variable than with the standard Kirby-Bauer or agar overlay methods, but the slight decrease in precision is outweighed by the advantages of rapidity and simplicity.
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To control precision of antimicrobial disc susceptibility tests, many clinical laboratories now include stock cultures of a fully susceptible strain of Staphylococcus aureus and a susceptible strain of Escherichia coli with each batch of tests. Zone diameters with the stock stains are measured as the first step in examination of a "run" of susceptibility tests. If these control tests fail to give zones which fall within the previously established range of acceptable limits, the entire run of tests is considered to be "out of control," and all should then be repeated. A number of factors influence the precision of the disc diffusion technique, and each must be investigated when difficulties are detected with control strains. One of the first possibilities to be checked is the loss of disc potency which occurs as a result of improper storage in transit or in the laboratory. A simple method for checking the performance of antimicrobial discs before setting up each batch of tests would avoid the delay associated with repeating tests when such inactivated discs are encountered.
In 1969, Stroy (6) published the details of a disc diffusion technique for the rapid estimation of antibiotic concentrations in human serum. The technique she described involved the inoculation of test plates which are preincubated for 2 to 6 hr and then stored at 4 C until needed. Antibioticcontaining discs are then applied directly to the stored plates, and discernible zones of inhibition can be measured after 5 to 6 hr of incubation. We have modified this technique slightly to develop a simple, rapid method for monitoring the potency of antibiotic discs prior to each day's run. This modified control test has been used as part of our clinical laboratory's quality control system for more than 2 years, and the results are summarized in the present report.
MATERIALS AND METHODS
Storage of antimicrobial discs. When received, jars with discs containing antimicrobial agents (Difco) were placed directly into a freezer (-10 to -20 C) where they were stored until needed. All discs were used before their labeled expiration date. A small working supply of discs was kept in a refrigerator, in containers with a desiccant. To prevent condensation, the jars and disc dispensers were allowed to warm to room temperature before being opened. The unused portion of the discs was put back into the refrigerator as soon as possible, to minimize the exposure to room temperature and humidity.
Control strains. Stock cultures of S. aureus and E. coli were kindly provided by F. D. Schoenknecht, University of Washington, Seattle. These strains have since been deposited in the American Type Culture Collection (S. aureus ATCC 25923 and E. coli ATCC 25922) for the specific purpose of controlling precision of the disc susceptibility test. When first received, both strains were subcultured, and lyophilized samples were prepared. Once a year, a lyophilized sample was reconstituted and transferred to a blood-agar plate. A dense suspension of colonies was then prepared in Trypticase soy broth without glucose (Bio-Quest) with 15% glycerol added (4). This cell suspension was divided into 12 samples of 1 to 2 ml each and stored at -60 C. The first of each month, a frozen sample was thawed and subcultured onto a blood-agar plate; after overnight incubation, 5 to 10 colonies were transferred to a Trypticase soy agar slant which was incubated overnight and then stored for the rest of the week in a refrigerator. Once a week, growth from the agar slant was transferred to a blood-agar plate, and 5 to 10 colonies from this subculture were transferred to another agar slant. All control tests were initiated with 5 to 10 colonies selected from a fresh blood-agar subculture, never from the stored agar slant directly, and slants were never held more than 1 week. Preparation of control plates. Once a week, when the control strains were transferred to blood-agar plates, 5 to 10 colonies were selected for inoculating 4 ml of brain heart infusion (BHI) broth (Difco), which was then allowed to incubate for 16 to 18 hr. The next morning, enough test plates were inoculated to provide one set for each working day of that week. Mueller-Hinton agar plates were taken from the laboratory's routine supply and were inoculated with 0.001 ml (calibrated loop) of the undiluted BHI broth culture. A 9-ml amount of a 1.5% aqueous solution of agar which had been previously melted and cooled to 50 C was seeded with the calibrated loop and then gently mixed and spread over the surface of the Mueller-Hinton agar in a 15-cm petri plate. This step is nearly identical to the technique for susceptibility testing which is a routine procedure in our laboratory (1) except that the inoculum is conveniently obtained from an overnight broth culture of the control strains.
The inoculated plates were then allowed to preincubate at 35 C for 2 hr with the E. coli and 4 hr with the S. aureus. This preincubation period is critical and should be controlled carefully. The preincubated plates were then transferred to a refrigerator where they were stored for as long as 7 days.
Quality control test procedure. Each morning, a set of plates was removed from the refrigerator, and antimicrobial discs (Difco) from the routine laboratory supply were applied directly to the cold plates. The discs were then pressed firmly onto the surface of the agar, and the plates were immediately inverted and placed in an incubator at 35 C. After 5 to 6 hr of incubation, the zones of inhibition were just discernible when examined with an adequate source of transmitted light. The diameters of the zones of inhibition were measured to nearest whole millimeter.
The limits of variation that could be expected in our experimental laboratory were established for both strains. They were tested 70 times with the rapid test system, and 40 tests were performed with both the standard disc diffusion method of Bauer et al. (2) and with the agar overlay method of Barry et al. (1) . The test system was then introduced into the clinical laboratory, where the rapid control tests were performed every working day and our routine agar overlay technique (1) was used to test both strains once or twice a week (each time a new batch of Mueller-Hinton agar was prepared). The Kirby-Bauer method is not used routinely in our clinical laboratory. The quality control tests were assigned to one of six technologists with the responsibility rotating at weekly intervals. The resulting zone measurements were again recalculated after 216 trials with the rapid test method and 49 trials with the agar overlay technique.
RESULTS
The data accumulated with three different test methods are summarized in Table 1 . The standardized disc diffusion test of Bauer et al. (2) and the agar overlay method (1) gave comparable results: i.e., the mean zone diameters were nearly identical and the precision of the two tests (standard deviations) was about the same when performed under fairly well-controlled experimental test conditions. Results with the rapid test system are also described in Table 1 . As expected, the mean zone diameters were 2 to 9 mm smaller than those obtained with either of the other standardized disc diffusion methods, presumably because of the 2to 4-hr period of preincubation with the rapid control test. The standard deviations calculated for each drug were somewhat greater with the rapid control technique, especially when S. aureus was tested against penicillin G and cephalothin. The sulfonamide discs consistently gave no zone of inhibition after 5 to 6 hr of incubation; however, when the test plates were reincubated and examined the next day, clearly discernible zones of inhibition could be observed. The rapid test plates were not held regularly to assess the precision of such delayed zone measurements with this drug.
The precision of these three methods can be summarized by comparing the average coefficient of variation (Table 2) . Although the rapid control system is somewhat more variable than the other two methods, its slight decrease in precision is outweighed by the advantages of rapidity and simplicity.
The rapid control test was next introduced into the routine clinical laboratory, where the procedure was performed by a number of technologists under somewhat less well-controlled conditions. The rapid control plates were tested each working day, and our routine agar overlay method was used to test both strains each time a new batch of Mueller-Hinton agar was prepared. Every 3 months, the mean zone diameters and DISC SUSCEPTIBILITY TESTING mean zone diameter standard deviations were recalculated to adjust control limits. As expected, the precision of both methods was somewhat diminished and the mean zone diameters remained essentially the same (Table 1 ). The overall average coefficient of variation ( Table 2 ) was still less than 10%, a level generally considered to be quite acceptable for the controi of susceptibility tests in the clinical laboratory.
Over the past year, the control limits have been recalculated quarterly and have not changed appreciably except for tests with nitrofurantoin, which now give a mean zone about 2 mm larger than that shown in Table 1 . Because the control limits are modified slightly each time current results are analyzed, the values presented in Table 1 can be used by other laboratories only as a rough guide, defining the approximate size of inhibitory zones that should be expected with each of the methods under study. Such data are presented in this report only for the purpose of comparing the precision of the different methods and should not be interpreted as representing standards for quality control programs.
DISCUSSION
The procedure for the rapid control test was selected as being the optimal method for testing disc potency with the control strains after a number of trials with various modifications of the technique that is described in the present report. Although the rapid control test is not quite as reproducible as the conventional methods for 421 VOL. 2, 1972 susceptibility testing, it is sufficiently precise for the purpose of monitoring disc potency. The rapidity of the method allows for early detection of discs with diminished activity before they are used for regular susceptibility tests. Control plates can be prepared for an entire week in one simple operation, and thus the actual daily testing requires a minimal amount of technologists' time and a minimal amount of handling of stock cultures.
Either the standard Kirby-Bauer method or the agar overlay method can be used to check the performance of each new batch of Mueller-Hinton agar. With such a test system, it is possible to separate and identify difficulties that may be encountered with the agar medium or with the antimicrobial discs-two important variables that must be controlled to obtain reliable results. As an overall control of other technical sources of error, the two control strains are occasionally distributed through the laboratory as "blind" unknowns and the zone diameters are recorded. The process of investigating difficulties encountered with the latter controls is simplified if it is known that the discs and media were "in control" at that time.
The control procedures outlined in the present report have been used in our laboratory for more than 2 years, and on several occasions we have de- tected antibiotic discs which failed to perform properly. We have also encountered some unexplained minor variations in the performance of Mueller-Hinton agar, as have Brenner and Sherris (3).
On one occasion, the S. aureus strain repeatedly failed to grow well, resulting in exceptionally large zones of inhibition with all of the drugs tested. The same drugs simultaneously tested against the E. coli were "in control." This occurred at a time when the stock cultures had been inadvertently carried on agar slants for more than 1 month. The problem disappeared when the supply of frozen cell suspensions was replenished from a freshly reconstituted lyophilized sample. Of course, it is impossible to determine whether the observed variations were related to the nutritive capacity of the agar medium or to our own stock cultures.
This experience simply emphasizes the need for meticulous care of the stock cultures before it is possible to pinpoint the source of the difficulty when the test is "out of control." The system for storage of stock cultures described in the present report is only one approach; it has proven to be practical in our laboratory. Although our working supply of stock cultures is stored at -60 C, we have had equal success holding these strains at -20 C in a glycerol broth (4) for at least 1 year.
Other common sources of error which are not controlled with our test system involve typographical errors in recording the results and technical errors in performing the test. Many such errors with individual reports often can be detected by reviewing the reports before they are issued and by checking any unusual susceptibility patterns. Certain genera are known to be variable in their susceptibility to some drugs and predictably susceptible or resistant to others. Unusual susceptibility patterns are often traced to an error in the identification of the organism or to a technical error in the testing procedure. Thus, the susceptibility test can be used as an aid in checking the identification of an individual isolate. Unusual patterns of resistance should be reported only after the culture is checked for purity and the identification is confirmed; occasionally, the susceptibility test should be repeated. Such a practice may be considered an important part of a quality control program. Petralli et al. (5) recently reported an attempt to put this approach to quality control on a formal basis, incorporating the use of an on-line computer to screen the actual zone size measurements before the test report leaves the laboratory. Such a formal program would certainly be worthy of further trial in those laboratories possessing the necessary facilities.
In summary, the combination of quality control procedures outlined in this report provides a maximum of security with a minimum of effort. As long as the zone diameters observed with the different test methods fall within the established 95% confidence limits, at least two major components of the test system are under control.
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